The aim of the study was to evaluate the effects of L-dopa on postural stability in Parkinson's disease patients. In the study, we examined a group of 13 patients, members of the Parkinson's Association. The majority of subjects were women: 8 (61.538%), while 5 (38.462%) were men. These were patients with advanced, idiopathic Parkinson's disease. The study was performed at the Posturology Laboratory of the Faculty of Medicine and Health Sciences, UJK, Kielce (Poland). The duration of the illness was longer than 5 years. The daily L-dopa dose was between 600 and 1000 mg/d. Patients were tested for postural stability prior to taking the morning dose and again, 1 h after the 200-mg dose (Madopar 250 Tablets).
Introduction
The etiology of Parkinson's disease is still not determined. The essence of this disorder is to decrease the level of dopamine in the black matter [1, 2] . Progressive and chronic atrophic changes in the Central Nervous System (CNS) that control motor function and degenerative changes in vision, hearing, proprioceptive systems as well as those related to balance, affect postural stability in Parkinson's patients. In Parkinson's disease patients, progressive failure of the neuromuscular system causes an increase in the thresholds of sensory system activity and uncontrolled muscle stimulation. The balance control system, which include various structures of the central nervous system, may be treated as a control system with three input locations (vestibular, proprioceptive and visual), determining spatial positioning of the body's center of gravity. The main task of the postural stability control system is to maintain an optimal distance between the stability limit and the body's center of gravity projection. If full symmetry of the body is assumed, the center of gravity projection should fall exactly in the center of the support surface [3, 4] . Patients are prone to falls. They suddenly lose balance, ending in a fall (pulsion), especially with sudden head movements [5, 6] . There may be a preference for backward (retropulsion), forward (propulsion) or lateral (lateropulsion) pulsion. Increases in the time of double disease was more than 5 years. The daily dose of L-dopa stayed in between the range of 600-1000 mg/d. The patients were subjected to postural stability examination before the morning dose of the drug, and again, 1 h after taking 200 mg of L-dopa (Madopar 250 cap). All procedures performed in the case of studies with human participants took place in accordance with the ethical standards approved by the institutional and/or committee for national research as well as the Declaration of Helsinki from 1964, along with later amendments or analogous ethical standards. The patients were given information regarding the study aim. All of the patients expressed written consent to be participants in this study. The study was conducted in a non-invasive manner and was free of charge. The patients willingly took part in the experiment, perceiving it as a concern for their health. The Unified Parkinson's Disease Rating Scale, that is, the UPDRS motor test, was performed before testing on the Biodex Balance System Platform.
Postural stability was assessed with the use of the Biodex Balance System platform. Postural Stability Testing was performed with open eyes and with both of the patient's feet positioned on a stable surface. The platform was blocked, meaning that it was fully stable. After entering the patient's personal information and body height, their position was determined. For this reason, points of reference were considered to be the platform axes as well as the centre line of the foot. In order to determine the position, the angles of the feet positioning via the centre line (right and left foot separately) were entered into the system and displayed on the screen.
The Postural Stability Test comprised 3, 20-s trials which were divided by a 10-s interval. During the examination, the patient focused his/her eyesight on a monitor, where a characteristic dot (COP-Centre of Pressure) appeared. The patient was instructed to shift body balance in such a manner that the dot (COP) maintain in the middle of the circle appeared on the screen, which was at the point where the coordinate axes intersected. At the time of examination, it was allowed to verbally correct the patient allowed. All of the parameters registered by the posturological platform were collected in an absolutely non-invasive manner; the device could be safely applied in the case of the whole group.
Overall Stability Index ( • ) reflects variability of platform positioning with regarding to the horizontal plane. This is expressed in degrees and for all movements performed during the test. Its high value is evidence of the great number of movements performed at the time of the test. The Anterior-Posterior Stability Index ( • ) mirrors platform displacement variable in the case of sagittal plane movements, which again, are expressed in degrees. Medial-Lateral Stability Index ( • ) regards platform displacement variability concerning frontal plane movements in degrees. The score achieved by the patient in the Postural Stability Test depended on the how many times the patient swayed from the center, meaning that postural stability is better when the result is lower. The percentage of time in zone (%)-index regarding the time a patient spent in a given zone. Target zones A, B, C and D are the same, with respect to the platform tilt degree. These zones are determined by concentric circles, the mid part is in the platform center: Zone A: from 0 to 5 degree deviation with regard to the horizontal plane; Zone B: from 6 to 10 degree deviation with regard to the horizontal plane; Zone C: from 11 to The score achieved by the patient in the Postural Stability Test depended on the number of times s/he swayed from the center, meaning that better postural stability is observed in the case of a lower result. The Biodex Balance System balance platform was used to assess postural stability. The Postural Stability Test was performed in a standing position on a stable surface with open eyes. The patient's position was determined after entering his/her personal information and body height. For this purpose, the central lines of the feet and the axes of the platform were used as reference points. In order to determine the position the positioning angle of the feet was entered using the center-line on the screen (scale of 0 • -45 • , right and left foot separately, e.g., 25 • in the case of the left foot and 30 • for the right one) and heel position (scale used: B-J, 1-21, right and left foot separately, e.g., F7 for left foot and E15 for right one). The Postural Stability Test comprised 3, 20-s trials, which were separated by 10-s intervals. Before beginning the test, each subject was familiarized with all issues regarding the test. To ensure safety of the subjects, each session started with the platform being in a locked position. After being switched on or after 3 min of non-use, the Balance System automatically set the platform in a locked position. Also, before examination, the supports and monitor were adjusted to ensure the patient comfort and safety. During the test, due to safety measures, each examined subject was accompanied by a physical therapist during the tests by securing the patient in the event of a possible fall. The main task of the postural stability control system is to maintain optimum distance of the body's center of gravity from the stability limit. If full symmetry of the body is assumed, the center of gravity projection should fall exactly in the center of the support surface. Anatomical body asymmetries found in the sagittal and/or frontal planes, the distribution of sensory inputs and various biomechanical properties of the body in particular directions cause the center of gravity projection onto the supporting surface to not be in the center of this field.
Statistical analysis was conducted using the PQStat package, version 1.6. Variables presented according to gender were compared using the Mann-Whitney U test. Differences between results prior to and after administration of L-dopa were analysed with the use of the Wilcoxon Signed Ranks Test. Statistical significance was set at the level of p < 0.05.
Results
Comparing the distribution of postural stability variables before and after L-dopa administration showed no significant differences between women and men (Tables 1 and 2 ). No statistically significant differences were found in postural stability between the pre-and post-L-dopa administration stages (Tables 2 and 3 ). However, it should be noted that all parameters of postural stability slightly improved. After L-dopa administration, the Overall Stability Index decreased by 0.59 ( • ), while the Anterior-Posterior Stability Index ( • ) decreased by 0.33 ( • ), and the Medial-Lateral Stability Index ( • ) decreased by 0.33 ( • ). This indicates slightly better stability after administration of L-dopa (Table 4) . Although no significant differences were noted in the % Time in Zone regarding particular A, B, C and D zones before or after L-dopa administration, it is worth noting that after drug administration, the percentages in Zone A (best) increased by 9.46 (%). The % Time in Zone B (slightly worse) after treatment with L-dopa decreased by 8.92 (%) and % Time in Zone C (worse) decreased by 0.54 (%) after administration. None of the patients were in Zone D (%) before or after administration ( Table 4 ). The highest percentage of patients maintaining in Zone A (the best) was observed before (85.77%) and after L-dopa (95.23%) administration. There were also statistically significant differences in the % Time in Quadrant regarding individual Quadrants I, II, III, IV before and after L-dopa administration. However, it is important to note that after drug administration, the percentage of subjects in Quadrant I decreased by 2.62 (%). The % Time in Quadrant II (%) after L-dopa increased by 1.38 and the % Time in Quadrant III after treatment with L-dopa decreased by 4.07 (%). % Time in Quadrant IV after L-dopa administration increased by 8.11 (%) ( Table 4 ). The highest percentage of time was spent in Quadrant IV (right-posterior), both before (41.43%) and after (49.54%) L-dopa administration (Table 4) . 
Discussion
Postural disorders are a fundamental problem in Parkinson's disease. They may be an expression of the disease but can also be an undesirable symptom of treatment. This has even been reflected in the diagnostic criteria of the disease. The specific response to drugs and the occurrence of fluctuations and dyskinesia associated with their use are considered typical Parkinson's disease symptoms. According to the European Federation of Neurological Societies/Movement Disorder Society-European Section (EFNS/MSD-ES), L-dopa is the most effective symptomatic drug in Parkinsonism treatment (strength of Recommendation: A) [19] . However, the occurrence of motor and postural complications (on average, in about 50% of patients after 3-5 years of treatment with this drug) hinder the functioning of a patient [20] . Posture-and motor-related disorders are accompanied by fluctuations in symptoms beyond motor sensory, autonomic and neuropsychiatric symptoms [21] [22] [23] .
At the stage of advanced Parkinson's disease (PD), gait freezing is common but nonetheless, disabling. The relationship with dopaminergic medication may often be perceived as complex and often, even non-linear. That is why freezing may even occur when core Parkinsonian features (tremor, rigidity and/or bradykinesia) may seem to optimally be under control.
We conducted evaluation of the effect of Levodopa-carbidopa intrajejunal gel among a group of 7, non-demented patients with PD. They were characterized by prominent freezing episodes refractory to oral therapy adjustments. Clinical assessment was performed during the best on state prior to the application of Levodopa-carbidopa intrajejunal gel, while patients were subjected to standard oral Levodopa (O-LD) and treatment using infusion. The main outcome measures regarded changes in the Freezing of Gait (FOG) Questionnaire and UPDRS motor scores. In 4 of the seven studied 7case, the Levodopa-carbidopa intrajejunal gel dose was either equivalent or slightly higher, but for 3 patients, its level was lower in comparison to the O-LD dose noted at baseline. In the case of selected patients, Levodopa-carbidopa intrajejunal gel, compared to oral dopaminergic therapy, may improve freezing refractory [24] .
The results of other studies suggest that static sway was noted as greater in IPD patients during the off state compared to subjects from the control group. Furthermore, it increased by L-dopa while it was reduced by GPI-DBS. During the dynamic task, L-dopa had greater impact than GPI-DBS when improving Start Time, but reduced spatial accuracy and task-related directional control. Combining the two therapies, it was noted that GPI-DBS prevented the increase in static sway induced by L-dopa while improving dynamic task accuracy. These findings show that GPI-DBS and L-dopa have different effects when considering the temporal and spatial aspects related to postural control in IPD. Furthermore, they demonstrate that GPI-DBS may counteract some adverse effects of L-dopa. Further studies among a larger population with GPI stimulators are needed in order to confirm the findings and to clarify the actual contribution of dyskinesia in impaired dynamic postural control [25] .
The aim of a different study was to characterize control of postural stability control and the responsiveness of levodopa at the early stage of Parkinson's disease (PD). Postural sway was examined during quiet stance among 10 patients within 6 years of the onset of PD. This was done both before (OFF) and after (ON) the regular dosing of oral levodopa. Postural sway was registered with the use of a force platform during a 30 sec period, the patient keeping his/her eyes open, while3 dependent variables were assessed. Mild subclinical postural sway changes were noted at baseline for our patients. 5 out of 6 characteristics (mean postural sway, transversal sway, sagittal plane sway, intensity of sway and sway area) during the on condition showed it to be clearly beneficial. The mechanisms of postural control are affected at an early stage of PD and are modulated by dopamine [26] .
The authors of other studies noted that PD patients show not only better functional status but also enhanced motor performance in the case of on-drug conditions. However, levodopa administration leads to increased postural sway. Postural sway occurred at baseline significantly more often in the case of on-drug patients than in the case of patients from the control group during tasks related to gaze-shifting. As it could be expected, acute administration of L-dopa did not cause an increase in eye, head, neck or lower back rotation among patients during gaze-shift tasks. Unexpectedly, levodopa seemed to cause a significant increase in patients' postural control mechanisms (relative to the control group) during tasks regarding gaze-shifting. Nonetheless, it was not surprising that this adjustment was not large enough to allow patients to maintain postural sway to such an extent as the controls. Overall, levodopa administration appeared to destabilize patients-especially in the case of the lower back region [27] .
LD or dopamine agonists may be used in patients requiring dopaminergic therapy. The most rational approach, except for patients at an advanced age, is initiation of treatment with dopamine agonists and its possible supplementation with LD, when monotherapy with dopamine agonists no longer produces effective effects. Dopamine agonists have been used in clinical practice for many years, but only the introduction of newer generations with lesser side effects (ropinirole, pramipexole, rotigotine) have widened the indications for their use in PD. The advantage of using dopamine agonists is a lower risk of developing dyskinesia and motor disturbances, whereas LD -greater efficacy, lower risk of hallucinations and excessive drowsiness, less risk of leg swelling, and avoidance of pulmonary fibrosis, retroperitoneal and pericardial effusions mainly caused by ergot alkaloids [19] . During early treatment of Parkinson's disease, very good control of motor symptoms can be obtained. There is an increased risk of drug complications, and at the advanced stage, it is no longer possible to obtain adequate control of movement disorders. When optimizing therapy, the response time to L-dopa should be considered-the so-called short-and long-duration response to levodopa as well as cessation of action after drug withdrawal. In the advanced form of the disease, the long-duration response (the consequence of the deterioration of the degenerative process) decreases, while the short-duration predominates, which can cause rapid changes in the patient's clinical condition [20] . L-dopa postoperative complications have varied clinical image. The mechanism of their formation is complex and has not yet been fully explained. Centered mechanisms (progression of nigrostriatal degeneration, changes in dopaminergic receptors, drug effects, effects of other neurotransmitters) and peripheral neuropathy (L-dopa absorption or metabolism) are suggested [19] . In Parkinson's disease, fluctuations in synaptic dopamine levels are preceded by the occurrence of motor fluctuations. It is known that greater predisposition to Parkinson's disease develops in men, and that the nature of the disease and the response to treatment depends on sex. Clinical image and the course of Parkinson's disease also differs among men and women. The bioavailability of L-dopa is higher in women [19] . However, our own research comparing the distribution of postural stability variables before and after L-dopa showed no significant differences between women and men [28] .
